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ABSTRACT: Objective: 

Tulsi (Ocimum sanctum and Ocimum tenuiflorum) is a pharmacologically important 

adaptogenic herb with a diverse phytochemical profile and several potential therapeutic 

applications. However, inappropriate drying practices may adversely affect its nutritional 

quality, antioxidant potential, and bioactive compounds. This study aimed to compare 

different drying techniques and identify the most effective method for preserving the 

nutritional and phytochemical properties of Rama and Krishna Tulsi leaves. 

Methods: 

Fresh leaves of Rama and Krishna Tulsi were subjected to five drying methods: sun drying, 

pan drying, hot air oven drying, oven drying at 100°C, and oven drying at 120°C, with 

fresh leaves serving as controls. The resulting powders were evaluated for proximate 

composition, functional properties, mineral content, qualitative and quantitative 

phytochemical constituents, and volatile bioactive compounds using Gas 

Chromatography-Mass Spectrometry (GC-MS). 

Results: 

Drying technique influenced the nutritional and phytochemical composition of both Tulsi 

varieties. Krishna Tulsi dried at 100°C demonstrated superior retention of protein, while 

Rama Tulsi showed greater retention of carbohydrates under the evaluated drying 

conditions. GC-MS analysis revealed variations in the volatile bioactive compound 
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profiles across the different drying treatments, with moderate thermal processing showing 

comparatively better preservation of bioactive constituents. 

Discussion: 

The findings indicate that drying temperature and processing conditions play an important 

role in determining the nutritional and phytochemical quality of Tulsi powders. Oven 

drying at 100°C provided a favorable balance between moisture removal and retention of 

key nutritional and bioactive constituents, particularly in Krishna Tulsi. These findings 

highlight the importance of selecting an appropriate post-harvest drying method to 

minimize quality deterioration and enhance the functional value of Tulsi for food and 

nutraceutical applications. 

Conclusion: 

Oven drying at 100°C was identified as the most effective drying technique for preserving 

the nutritional quality and phytochemical composition of Krishna Tulsi under the 

conditions evaluated. The findings support the use of controlled thermal drying as a 

standardized post-harvest processing approach for developing value-added functional 

foods and nutraceutical products from Tulsi leaves. 

 
 

INTRODUCTION 

Tulsi is known as a traditional herb and most widely used in ayurvedic medicines [1]. Its powder form is available in the market, 

though people prefer home-based methods for preparation and preserving it [2]. Medicinal and aromatic plants are highly 

susceptible to post-harvest deterioration because of their high moisture content and improper harvesting, handling, storage and 

processing practices. It has been estimated that post-harvest losses of medicinal plants range from approximately 10–40% in 

Asian countries, including India, resulting in substantial losses of bioactive compounds and reduced medicinal quality. 

Therefore, appropriate post-harvest processing, particularly drying, is essential to preserve their phytochemical composition 

and therapeutic efficacy [3].  

They use different methods for powder preparation, on the basis of which their quality differs. Thus, a standardized method 

for drying and processing Tulsi leaves into powder should be established and implemented to get maximum benefits from it. 

Two different varieties of Tulsi leaves, namely, Ocimum sanctum and Ocimum tenuiflorum (Rama and Krishna Tulsi, respectively), 

are known for their nutritional and therapeutic benefits. Drying Tulsi leaves plays a key role in preserving their nutritional and 

medicinal value, but excessive heat during this process can lead to the loss of important nutrients present in them [4]. Different 

drying methods have been employed for the preparation of Tulsi powder, including sun drying, pan-drying, hot-air oven drying 

and microwave drying. These techniques differ considerably in their ability to preserve nutritional and phytochemical 

constituents. Studies have shown that drying conditions significantly influence the retention of bioactive compounds, 

antioxidant activity and volatile constituents. For example, in basil leaves, increasing convective drying temperature improved 

total phenolic content by an average of 16.28%, while increasing microwave power improved phenolic retention by 27.98%. 

However, higher drying temperatures also reduced anthocyanin content and antioxidant activity, and altered the volatile 

phytochemical profile, demonstrating that drying conditions play a crucial role in determining the quality of the final dried 

product [5].  

Therefore, it is important to follow proper drying methods that reduce heat exposure and help retain the quality of compounds 

in Tulsi powder [6]. Tulsi leaves can be used in many forms, but the powdered form is currently the most effective due to its 

ease of use. It can be included in breakfast drinks or added while cooking, such as by mixing it into dough  [7]. 

Although several studies have investigated drying methods in basil and medicinal herbs, comparative information on different 

household drying techniques for both Rama and Krishna Tulsi, together with nutritional, mineral and GC-MS phytochemical 

evaluation, remains limited. This study aims to provide a comparative analysis by preparing home-based Tulsi powders from 

two varieties using different drying techniques at varied temperatures. The resulting powders were evaluated for their nutritional, 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

633 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

functional and phytochemical properties. By identifying the most effective preparation techniques that preserve their 

therapeutic properties, this research supports the development of a functional food product that can be easily included in daily 

diets. 

METHODOLOGY 

Preparation of Sample 

Two varieties of Tulsi leaves, Krishna Tulsi (Ocimum tenuiflorum) and Rama Tulsi (Ocimum sanctum), were collected from a local 

market in Kolkata. One independent leaf batch of each Tulsi variety was collected from the local market and divided into six 

processing groups, comprising one raw sample and five drying treatments. Six samples were prepared for each variety, 

comprising one raw (undried) sample and five samples subjected to different drying methods, including sun drying, pan drying, 

hot-air oven drying, and oven drying at 100°C and 120°C, following standard processing methods described in previous studies 

[8]. The fresh Rama and Krishna Tulsi leaves used as control samples are shown in Figure 1. For the sun-drying treatment, the 

leaves were dried under direct sunlight, as illustrated in Figure 2, while the pan-drying process is shown in Figure 3. The leaves 

subjected to oven drying at 100°C and 120°C are shown in Figure 4. The hot-air oven-drying process used for the leaves is 

presented in Figure 5. Following the drying treatments, the leaves were ground into a fine powder using a mixer grinder. The 

final powdered samples were ensured to be completely free from moisture, in accordance with the guidelines described in 

previous studies [9]. The prepared powders were subsequently used for further nutritional, functional, mineral, and 

phytochemical analyses. 

Inclusion Criteria: 

a. Two specific varieties of Tulsi leaves, namely Rama Tulsi (Ocimum sanctum) and Krishna Tulsi (Ocimum tenuiflorum) were 

selected for the study, both collected from a local market in Kolkata. 

b. Only the leaves of the selected two species were used. 

c.  Fresh, clean and undamaged leaves were included for processing. 

Exclusion Criteria: 

a. Other varieties of Tulsi such as Vana Tulsi (Ocimum gratissimum) and Kapoor Tulsi (Ocimum kilimandscharicum), were 

excluded. 

b. Plant parts other than leaves, including stems, flowers and seeds, were not considered. 

c.  Leaves that were damaged, discolored or otherwise impure were excluded from the study. 

Fresh leaves of Rama and Krishna Tulsi were subjected to five different drying treatments, along with fresh leaves serving as 

controls. The drying treatments applied to both varieties are presented in Table 1. 

Table 1. Drying treatments applied to Rama and Krishna Tulsi leaves 

Sample Code Sample Name Drying Methods 

R1 Rama Tulsi Raw Leaves Fresh (undried control)  

R2 Rama Tulsi Pan-Dried Leaves  Dried using pan drying (direct heat on a pan)  

R3 Rama Tulsi Hot Air Oven-Dried Leaves  Dried in a hot air oven (controlled temperature)  

R4 Rama Tulsi Oven-Dried Leaves  Oven dried at 120°C  

R5 Rama Tulsi Oven-Dried Leaves Oven dried at 100°C  
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R6 Rama Tulsi Sun-Dried Leaves  Naturally dried under direct sunlight  

K1 Krishna Tulsi Raw Leaves Fresh (undried control)  

K2 Krishna Tulsi Pan-Dried Leaves  Dried using pan drying (direct heat on a pan)  

K3 Krishna Tulsi Hot Air Oven-Dried Leaves  Dried in a hot air oven (controlled temperature)  

K4 Krishna Tulsi Oven-Dried Leaves  Oven dried at 120°C  

K5 Krishna Tulsi Oven-Dried Leaves Oven dried at 100°C  

K6 Krishna Tulsi Sun-Dried Leaves  Naturally dried under direct sunlight  

 

 

Figure 1: Fresh (undried) Rama and Krishna Tulsi leaves 

 

Figure 2: Sun-drying process used for Rama and Krishna Tulsi leaves 
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Figure 3: Pan-drying process used for for Rama and Krishna Tulsi leaves 

 

Figure 4: Oven-drying process (at 100°C and 120 °C) used for Rama and Krishna Tulsi leaves 

 

Figure 5: Hot air oven-drying process used for Rama and Krishna Tulsi leaves 

Proximate composition analysis: The proximate composition of the samples, including moisture and ash content was 

analyzed using standard biochemical methods as described by AOAC [10] with slight modifications. Moisture was determined 
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using a hot air oven at 100°C until constant weight. Ash was calculated after incineration in a muffle furnace (Infitek, FNC 

BX1700 Series). Fat was extracted by the Soxhlet method using hexane following the method of previous studies [11]. Protein 

content was analyzed using the method as described by Lowry [12]. Carbohydrate was determined using the method as described 

by Yemm and Willis [13] with slight modifications. 

Functional properties: 

Sample Preparation For phytochemical analysis, 10 g of dried Tulsi leaf powder of each variety was soaked in 100 mL of 95% 

ethanol for 24 hours at room temperature. The mixture was filtered using Whatman Grade 1 filter paper to separate the extract 

[14]. The filtrate was then used for quantitative screening of the phytochemical as per the method described by Anwar et al. 

[15]. 

Water absorption capacity, foaming capacity and emulsion capacity were determined using the methods as described previously 

[16] with slight modifications. Water absorption capacity was analyzed using the Mettler Toledo HG63 Moisture Analyzer. 

Foaming capacity and emulsion capacity were determined using standard separation techniques as described previously [17] 

with slight modifications. Oil absorption capacity was assessed based on fat content, which was extracted through the Soxhlet 

method as described by AOAC [10] with slight modifications. 

Mineral content analysis: Calcium, magnesium, iron, and potassium content were estimated using a PerkinElmer Analyst 800 

atomic absorption spectrophotometer and Systronics flame photometer (Model 128) by following the method outlined in 

previous studies [18] with slight modifications. Phosphorus content was determined according to the procedure described in 

previous studies [19] using standard colorimetric analysis techniques. 

Qualitative and quantitative phytochemical analysis: Phytochemical analysis of the extracts was conducted using standard 

methods [20] with minor changes. For quantitative estimation, a Shimadzu UV-Vis spectrophotometer (Model UV-1800) was 

used to measure absorbance at 400 nm. For the identification of aromatic and semi-aromatic compounds, Gas 

Chromatography-Mass Spectrometry (GC-MS) was performed using a Thermo Scientific TRACE 1300 system. 

Statistical Analysis: All analytical measurements were performed in triplicate as technical replicates (n = 3). These 

measurements were obtained from the same processed sample and therefore represent technical rather than biological 

replicates. Results are presented as mean ± standard deviation. The results were analyzed using one-way ANOVA at a 

significance level of p ≤ 0.05, followed by Tukey’s post hoc test for pairwise comparisons to determine significant differences 

among the experimental groups [21]. The experimental replication was selected based on the analytical triplicate design and 

comparable published studies investigating the effects of drying treatments on medicinal and aromatic plant materials [1,5,6,18]. 

A priori power analysis was not performed. 

Ethical statement: This study did not involve human participants or animal experiments. Only plant materials (Tulsi leaves) 

were used. 

RESULTS 

Proximate composition analysis: Analysis of proximate composition has been presented in Table 2 which revealed that Rama 

Tulsi (R4) had the highest carbohydrate content (80.83%), while R1 showed the highest protein content (25%). Among all 

formulations, R2 recorded the highest fat content (0.5%), whereas R1 had the maximum moisture content (5%) and ash content 

(4%). In comparison with Krishna Tulsi samples, K5 exhibited the highest protein content (36.18%) and the highest 

carbohydrate content (52.12%). K2 was found to contain moderate levels of both protein and carbohydrate, along with a 

balanced composition of other nutrients. Figure 6, 7 8 and 9 shows the results of protein content, moisture content, fat content 

and ash content of the samples analysed respectively. 

 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

637 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

 

Figure 6: Determination of protein content of dried Rama and Krishna Tulsi leaves powder 

 

Figure 7: Determination of moisture content of dried Rama and Krishna Tulsi leaves powder 

 

Figure 8: Determination of fat content of dried Rama and Krishna Tulsi leaves powder 
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Figure 9: Determination of ash content of dried Rama and Krishna Tulsi leaves powder 

Table 2. Proximate composition of Rama and Krishna Tulsi leaf powders 

Sample Proximate Composition 

  Carbohydrate Protein Fat Moisture Ash 

Rama Tulsi (Ocimum sanctum) R1 65 ±0.05a 25 ±0.02 a 1 ±0.01a 5 ±0.5 a 4 ±0.02 a 

R2 67.58 ±0.03bce 9.92±0.04 bacdf 0.5±0.02 bef 2±0.4 bad 20±0.1 bacdf 

R3 69.10±0.04cabdf 9.01±0.03 cde 0.3±0.02 

cadef 

1±0.3 cbf 05±0.01 cae 

R4 80.83±0.06 dace 8.87±0.02 dcef 0.3±0.02 daf 0±0.1 dabf 10±0.02 

dbce  

R5 75.76±0.05 eab 14.04±0.05 eabcf 0.2±0.01 eacd 1±0.3 ebdf 10±0.02 eacd 

R6 75.06±0.05 fbce 15.64±0.06 fae 0.3±0.02 face 3±0.01 fabc 05±0.01 fbe 

Krishna Tulsi (Ocimum 

tenuiflorum) 

K1 60±0.02 ga 28±0.03 ga 1.5±0.05 ga 6±0.02 g 4.5±0.02 g 

K2 62.29±0.04 hijlb 15.41±0.04 hgjk 0.3±0.02 

hgijkl 

2±0.4 hjb 20±0.1 hgikl 

K3 61.24±0.03 ighc 31.20±0.05 igjkl 0.3±0.02 ihjkl 1±0.3 igjkc 10±0.02 ihjl 

K4 55.16±0.02 jild 34.64±0.06 jhikl 0.2±0.01 jghk 0±0.1 jgikld 10±0.02 jghi 



Natural Resources for    
Human Health 
eISSN: 2583-1194 

 

639 
 Natural Resources for Human Health (NRFHH) 

https://nrfhh.com 

K5 52.12±0.02 kghle 36.18±0.07 khij 0.7±0.07 kgil 1±0.3 kijle 10±0.02 khjle 

K6 58.73±0.03 lijklf 30.77±0.04 

lghiklf 

0.5±0.05 lgijl 0±0.1 lghkl 10±0.02 lhjkf 

Samples were analysed in triplicate. Mean and ±SD were calculated. Significant differences were denoted in the same column 

by different letters (P≤ 0.05) from each other. 

[R1: Rama tulsi raw leaves; R2: Rama tulsi pan-dried; R3: Rama tulsi hot air oven dried; R4: Rama tulsi oven dried at 120°C; 

R5: Rama tulsi oven dried at 100°C; R6: Rama tulsi sun dried, K1: Krishna tulsi raw leaves; K2: Krishna tulsi pan dried; K3: 

Krishna tulsi hot air oven dried; K4: Krishna tulsi oven dried at 120°C; K5: Krishna tulsi oven dried at 100°C; K6: Krishna 

tulsi dried under sun]. 

Functional properties analysis: In the Rama Tulsi group, R4 showed the highest water absorption (2 ml/g) and oil absorption 

(0.8 ml/g). In the Krishna Tulsi group, K4 had the maximum water solubility (1.9 ml/g), whereas K5 showed the highest oil 

capacity (1.1 ml/g). Foaming capacity was minimal across all samples, with little variation. No emulsion capacity was observed 

in either group. The detailed results of functional properties are presented in Table 3. Figure 10 and 11 shows the results of 

WAC, OAC and FC of the tests respectively. 

 

Figure 10:  Water absorption capacity (WAC) and Oil Absorption Capacity (OAC) analysis of dried Rama and Krishna Tulsi 

leaves powder 

 

Figure 11: Foaming capacity analysis of dried Rama and Krishn Tulsi leaves powder 
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Table 3. Functional properties of Rama and Krishna Tulsi leaf powders 

Sample Functional Properties 

Water absorption 

capacity (ml/g) 

Oil absorption 

capacity (ml/g) 

Foaming 

Capacity (ml/g) 

Emulsion 

Capacity (%) 

Rama Tulsi (Ocimum 

Sanctum) 

R1 1.6± 0.2a 0.7± 0.2 a 0± 0.0 a Not detected  

R2 1.8± 0.2bacde 0.4± 0.0 badef 0.2± 0.1 bcf Not detected 

R3 1.7± 0.2 cbf 0.5± 0.2 cabde 0.1± 0.05 caef Not detected 

R4 2± 0.15 dabcf 0.8± 0.1 dbef 0.1± 0.05 dace Not detected 

R5 2± 0.15 edf 1± 0.0 eac 0.1± 0.05 ebcf Not detected 

R6 1.6± 0.2 fad 0.8± 0.1 facde 0± 0.0 fbe Not detected 

Krishna Tulsi (Ocimum 

tenuiflorum) 

K1 1.5± 0.2 ga 1.1± 0.15 ga 0± 0.0 g Not detected 

K2 1.5± 0.2 hjkb 0.6± 0.08 hgik 0± 0.0 hgijlb Not detected 

K3 1.6± 0.2 igjk 0.7± 0.2 ighjlc 0± 0.0 ihc Not detected 

K4 1.9± 0.1 jghid 0.4± 0.05 jgl 0.2± 0.1 jhk Not detected 

K5 1.9± 0.1 kgj 1.1± 0.15 khjle 0.1± 0.05 kgile Not detected 

K6 1.5± 0.2 ljk 1± 0.0 lhif 0± 0.0 lghkf Not detected 

Samples were analysed in triplicate. Mean and ±SD were calculated. Significant differences were denoted in the same column 

by different letters (P≤ 0.05) from each other. 

[R1: Rama tulsi raw leaves; R2: Rama tulsi pan-dried; R3: Rama tulsi hot air oven dried; R4: Rama tulsi oven dried at 120°C; 

R5: Rama tulsi oven dried at 100°C; R6: Rama tulsi sun dried, K1: Krishna tulsi raw leaves; K2: Krishna tulsi pan dried; K3: 

Krishna tulsi hot air oven dried; K4: Krishna tulsi oven dried at 120°C; K5: Krishna tulsi oven dried at 100°C; K6: Krishna 

tulsi dried under sun]. 

Mineral content analysis: In the Rama Tulsi group, R2 exhibited the highest levels of calcium (1.5%) and iron (1.0 mg/100g), 

while R4 showed the maximum levels of phosphorus (0.5%). Among the Krishna Tulsi samples, K2 had the highest calcium 

(1.8%) and potassium (2.3%) levels, K5 recorded the highest magnesium content (1.0%), and K4 showed the highest 
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phosphorus concentration (0.7%). Overall, potassium content remained relatively consistent across both groups. Table 4 shows 

the mineral content analysis of the formulated products. 

Table 4. Mineral composition of Rama and Krishna Tulsi leaf powders 

Sample Mineral Content 

Calcium 

(%) 

Magnesium 

(%) 

Phosphorus 

(%) 

Iron 

(mg/100gm) 

Potassium 

(%) 

Rama Tulsi (Ocimum 

Sanctum) 

R1 1.2 ± 0.05a 0.6 ± 0.02 a 0.4±0.02 a 1±0.05 a 1.6±0.05 a 

R2 1.5 ± 0.3 bdf 0.8 ± 0.15 bacef 0.4 ± 0.1 bcde 1.0 ± 0.15 badef 2.0 ± 0.3 bac 

R3 1.3 ± 0.3 cb 0.8 ± 0.2 cbef 0.4 ± 0.2 cabde 0.8 ± 0.2 cdef 1.8 ± 0.3 caf 

R4 1.3 ± 0.2 dac 0.7 ± 0.15 daef 0.5 ± 0.1 dabcf 0.9 ± 0.15 dbef 1.8 ± 0.25 dbc 

R5 1.4 ±0.25 ebf 0.6 ±0.1 ebcd 0.4 ±0.08 ebd 0.8±0.12 eabcdf 1.7 ±0.2 eaf 

R6 1.3±0.15 

fcde 

0.6 ±0.1 fabd 0.5 ±0.1 fabe 1.0±0.12 facde 1.7±0.18 fabcd 

Krishna Tulsi (Ocimum 

tenuiflorum) 

K1 1.6 ±0.2 ga 0.7 ±0.1 ga 0.7±0.1 g 1.1±0.15 ga 2.0±0.25 g 

K2 1.8 ±0.2 hgjlb 0.6 ±0.15 hgl 0.8 ±0.12 hijkb 1.2 ±0.15 hgikb 2.3 ±0.3 hik 

K3 1.6 ±0.2 ihkc 0.8 ±0.15 ihk 0.8 ±0.15 igjl 1.0 ±0.15 ighjkc 2.0 ±0.25 iglc 

K4 1.6 ±0.2 jgi 0.9 ±0.15 jhikd 0.7 ±0.1 jghikl 1.1 ±0.15 jhld 2.1 ±0.25 jgld 

K5 1.7 ±0.2 khjle 1.0 ±0.1 kghijle 0.5 ±0.1 kgil 1.0 ±0.15 kgijl 2.0 ±0.25 khe 

K6 1.6 ±0.2 lghf 0.8 ±0.15 lhij 0.7 ±0.1 lijkf 1.2 ±0.15 lghij 2.0 ±0.25 likf 

Samples were analysed in triplicate. Mean and ±SD were calculated. Significant differences were denoted in the same column 

by different letters (P≤ 0.05) from each other. 

[R1: Rama tulsi raw leaves; R2: Rama tulsi pan-dried; R3: Rama tulsi hot air oven dried; R4: Rama tulsi oven dried at 120°C; 

R5: Rama tulsi oven dried at 100°C; R6: Rama tulsi sun dried, K1: Krishna tulsi raw leaves; K2: Krishna tulsi pan dried; K3: 
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Krishna tulsi hot air oven dried; K4: Krishna tulsi oven dried at 120°C; K5: Krishna tulsi oven dried at 100°C; K6: Krishna 

tulsi dried under sun]. 

Qualitative phytochemical analysis: The qualitative phytochemical profiles of Rama and Krishna Tulsi leaf powders are 

presented in Table 5. Alkaloids, glycosides, tannins, flavonoids, and oxalates were detected in all samples of both Tulsi varieties, 

whereas saponins were not detected in any of the samples. 

Table 5. Qualitative phytochemical profile of Rama and Krishna Tulsi leaf powders 

Sample Qualitative phytochemical tests 

Alkaloid Glycoside Tannin Flavonoid Oxalate Saponins 

Rama Tulsi (Ocimum 

Sanctum) 

R1 + + + + + - 

R2 + + + + + - 

R3 + + + + + - 

R4 + + + + + - 

R5 + + + + + - 

R6 + + + + + - 

Krishna Tulsi (Ocimum 

tenuiflorum) 

K1 + + + + + - 

K2 + + + + + - 

K3 + + + + + - 

K4 + + + + + - 

K5 + + + + + - 

K6 + + + + + - 

[R1: Rama tulsi raw leaves; R2: Rama tulsi pan-dried; R3: Rama tulsi hot air oven dried; R4: Rama tulsi oven dried at 120°C; 

R5: Rama tulsi oven dried at 100°C; R6: Rama tulsi sun dried, K1: Krishna tulsi raw leaves; K2: Krishna tulsi pan dried; K3: 

Krishna tulsi hot air oven dried; K4: Krishna tulsi oven dried at 120°C; K5: Krishna tulsi oven dried at 100°C; K6: Krishna 

tulsi dried under sun]. 

Quantitative phytochemical analysis: The quantitative phytochemical composition of Rama and Krishna Tulsi leaf powders 

is presented in Table 6. In Rama Tulsi, R2 showed the highest alkaloid (1.0%), glycoside (0.6%), and flavonoid (1.2%) contents, 

whereas R1 showed the highest tannin (0.5%) and oxalate (0.6%) contents. Among the Krishna Tulsi samples, K2 exhibited 

the highest alkaloid (1.2%), glycoside (0.8%), and flavonoid (1.4%) contents, while K1 showed the highest tannin (0.6%) and 

oxalate (0.9%) contents. Overall, Krishna Tulsi exhibited comparatively higher concentrations of several quantified 

phytochemicals than Rama Tulsi. 

Table 6: Quantitative phytochemical profile of Rama and Krishna Tulsi leaf powders 

Sample Quantitative phytochemical tests 

Alkaloid 

(%) 

Glycoside 

(%) 

Tannin 

(%) 

Flavonoid 

(%) 

Oxalate 

(%) 

Rama Tulsi (Ocimum Sanctum) R1 0.9 ±0.2 a 0.6 ±0.15 a 0.5 ±0.1 a 1.0 ±0.15 a 0.6 ±0.15 a 
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R2 1.0 ±0.15 bad 0.6 ±0.15 bdef 0.5 ±0.1 bacef 1.2 ±0.2 bacdf 0.6 ±0.15 bcef 

R3 0.8 ±0.15 cde 0.5 ±0.1 cabdef 0.4 ±0.1 cab 0.6 ±0.15 cbdf 0.5 ±0.1 caef 

R4 0.8 ±0.15 dbe 0.5 ±0.1 dabcf 0.4 ±0.1 dac 1.0 ±0.15 adbef 0.5 ±0.1 dae 

R5 0.7 ±0.15 eac 0.4 ±0.1 ead 0.3 ±0.08 ead 0.9 ±0.15 eabcf 0.4 ±0.1 ebcf 

R6 0.6 ±0.15 

fabcd 

0.4 ±0.1 fabe 0.3 ±0.08 

fabc 

1.0 ±0.15 facde 0.5 ±0.1 fcd 

Krishna Tulsi (Ocimum 

tenuiflorum) 

K1 1.0 ±0.15 ga 0.8 ±0.12 ga 0.6 ±0.1 g 1.4 ±0.2 ga 0.9 ±0.12 g 

K2 1.2 ±0.18 hgijk 0.8 ±0.12 hijklb 0.7 ±0.1 hgij 1.4 ±0.2 hglb 0.8 ±0.12 hk 

K3 0.9 ±0.12 ihl 0.6 ±0.1 igkc 0.5±0.08 

ighjk 

0.7 ±0.1 ijklc 0.6 ±0.1 igjlc 

K4 1.0 ±0.15 jghl 0.7 ±0.1 jghikd 0.6 ±0.1 jghi 1.2 ±0.18 jikld 0.7 ±0.1 jikd 

K5 0.9 ±0.12 khle 0.6 ±0.1 khie 0.5 ±0.08 

kgijl 

1.1 ±0.16 kijle 0.6 ±0.1 kgh 

K6 0.8 ±0.12 lhk 0.7 ±0.1 lghif 0.5 ±0.08 lgif 1.2 ±0.18 lhijkf 0.8 ±0.12 lghj 

Samples were analysed in triplicate. Mean and ±SD were calculated. Significant differences were denoted in the same column 

by different letters (P≤ 0.05) from each other. 

[R1: Rama tulsi raw leaves; R2: Rama tulsi pan-dried; R3: Rama tulsi hot air oven dried; R4: Rama tulsi oven dried at 120°C; 

R5: Rama tulsi oven dried at 100°C; R6: Rama tulsi sun dried, K1: Krishna tulsi raw leaves; K2: Krishna tulsi pan dried; K3: 

Krishna tulsi hot air oven dried; K4: Krishna tulsi oven dried at 120°C; K5: Krishna tulsi oven dried at 100°C; K6: Krishna 

tulsi dried under sun]. 

DISCUSSION 

Both Rama Tulsi and Krishna Tulsi have shown significant levels of proximate compounds such as carbohydrates, proteins, 

fats and others, which align with findings reported in previous studies [22, 23], which emphasized the nutritional potential of 

Tulsi leaves. However, Krishna Tulsi, which was subjected to oven-drying, exhibited comparatively higher nutrition retention, 

particularly in terms of protein and mineral content. This observation is consistent with earlier research indicating that drying 

methods significantly influence the preservation and bioavailability of nutrients in Rama Tulsi [24, 25]. Their study suggested 
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that oven-drying at controlled temperatures (50°C-60°C) helps retain active constituents more effectively than traditional sun-

drying or air-drying techniques [24]. 

The observed differences in moisture and oil absorption between the two Tulsi varieties suggest underlying variations in cellular 

structure retention following the drying process [26, 27]. Krishna Tulsi likely retained a more porous microstructure conducive 

to enhanced oil absorption, an important characteristic for applications in functional foods and nutraceutical formulations, 

owing to its processing through oven-drying. These results align well with previous studies that have demonstrated the influence 

of drying methods on the surface morphology and porosity of herbal leaves, which directly impact their absorption capacities 

[26, 27]. 

The mineral content analysis indicated a significant presence of essential minerals, such as magnesium, calcium, potassium, 

phosphorus and iron, especially in the oven-dried Tulsi leaves. This higher mineral concentration may be due to better nutrient 

absorption and translocation in plants grown in specific regions, particularly those located at higher altitudes. These findings 

are in line with previous studies that suggest mineral content in Tulsi is influenced not only by the plant variety but also by 

environmental conditions and processing methods [28, 29]. Among these, oven drying appears to be the most effective in 

preserving nutrient levels. 

Furthermore, both qualitative and quantitative phytochemical analyses revealed notable differences between the two Tulsi types. 

GC-MS analysis confirmed the presence of several bioactive constituents in Tulsi. Variations in chromatographic peak profiles 

among different drying methods suggested that thermal processing influences the retention and degradation of volatile 

phytochemicals. Moderate drying conditions preserved a greater diversity of compounds, whereas higher drying temperatures 

resulted in a reduction of certain thermolabile constituents. These findings support the quantitative phytochemical results 

obtained in the present study, according to which, Krishna Tulsi exhibited higher levels of flavonoids and glycosides, suggesting 

a richer content of polyphenolic compounds. This implies a stronger antioxidant potential and greater therapeutic value. These 

results are consistent with studies which highlight that phytochemical composition can vary depending on the altitude, climate 

and timing of harvest [30, 31]. 

Statistical evaluation of both Krishna Tulsi and Rama Tulsi revealed significant differences in their biochemical profiles, 

particularly in carbohydrate and protein content. Krishna Tulsi exhibited a higher protein concentration, whereas Rama Tulsi 

had a greater carbohydrate content as per the findings of previous research. Mineral content, including potassium, phosphorus, 

calcium and iron, was notably higher in Krishna Tulsi, while Rama Tulsi showed comparatively lower values. In terms of tannins, 

glycosides and oxalate, both varieties of Tulsi leaves have shown remarkable differences. These phytochemicals were found in 

appreciable amounts, aligning with established studies that support their functional and therapeutic relevance  [32]. 

CONCLUSION 

The medicinal properties of both Rama Tulsi (Ocimum sanctum) and Krishna Tulsi (Ocimum tenuiflorum) leaf powders have been 

highlighted in this study. The phytochemical analysis revealed significant levels of bioactive compounds in both varieties, 

particularly alkaloids, flavonoids, glycosides and tannins. However, Krishna Tulsi (Ocimum tenuiflorum) exhibited slightly higher 

concentrations of phytochemicals than Rama Tulsi (Ocimum sanctum). GC-MS analysis further confirmed the presence of several 

medicinally important phytochemicals in both Tulsi varieties and demonstrated that drying methods significantly influenced the 

volatile phytochemical profile. Among the different drying techniques evaluated, oven drying at 100°C proved to be the most 

effective method for preserving these bioactive constituents. The findings indicate that the selection of an appropriate drying 

method is essential for maintaining the phytochemical composition and therapeutic potential of Tulsi leaves. Therefore, Tulsi 

leaf powder can be considered a valuable medicinal herb with promising applications in the pharmaceutical, nutraceutical, food 

and healthcare industries. Further research is recommended to identify and quantify additional bioactive compounds and to 

better understand their therapeutic roles, thereby supporting the development of functional products and promoting human 

health. 

LIMITATIONS OF THE STUDY 

The study evaluated two Tulsi varieties obtained from a single geographical source, which may limit the generalizability of the 

findings to different cultivars, environmental conditions, and geographical regions. The study also assessed a limited range of 

drying methods and temperature conditions; factors such as drying duration, humidity, and airflow were not comprehensively 

evaluated. 
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Furthermore, GC-MS analysis does not provide a complete profile of all phytochemicals present in Tulsi. Future studies should 

incorporate complementary analytical techniques such as HPLC or LC-MS for comprehensive characterization. The stability of 

nutritional and phytochemical constituents during prolonged storage was also not assessed. Further research involving multiple 

independent batches, different geographical sources, optimized drying conditions, and storage studies is therefore 

recommended to establish standardized drying protocols. 
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